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Introduction

The most common form of diabetes is type 2 diabetes melli-
tus (T2DM) which includes approximately 90% of all cases 
of diabetes. The International Diabetes Federation (IDF) 
reports that there were 424.9 million people worldwide with 
diabetes in 2017, and this number is projected to increase to 
628.6 million by 2045 [1]. Diabetes accounts for nearly 4% 
of all causes of death and is the third leading cause of death 
due to non-communicable diseases globally [2]. In Iran, the 
prevalence of diabetes has risen from 11% to 2016 to 14% 
in 2021, representing a significant increase of 30% over five 
years that this trend is expected to continue [3].

The vitamin D endocrine system is characterized by the 
secosteroid hormone vitamin D, its receptor (VDR), and the 
metabolizing enzymes involved in the synthesis of the phys-
iologically active form of the hormone. This system is criti-
cal in skeletal metabolism, particularly intestinal calcium 

Shabnam Salehizadeh and Sara Ramezani contributed equally to co-
first authorship.

Mojgan Asadi and Mandana Hasanzad contributed equally to co-
corresponding authorship.

  Mojgan Asadi
assadimojgan@yahoo.com

  Mandana Hasanzad
mandanahasanzad@yahoo.com

1 Medical Genomics Research Center, Tehran Medical 
Sciences, Islamic Azad University, Tehran, Iran

2 Endocrinology and Metabolism Research Center, 
Endocrinology and Metabolism Clinical Sciences Institute, 
Tehran University of Medical Sciences, Tehran, Iran

3 Department of Community Medicine, Zabol University of 
Medical Sciences, Zabol, Iran

4 Personalized Medicine Research Center, Endocrinology and 
Metabolism Clinical Sciences Institute, Tehran University of 
Medical Sciences, Tehran, Iran

Abstract
Background Type 2 diabetes mellitus (T2DM) is recognized as a complex metabolic which has affected the lives of millions 
of people around the world. Vitamin D receptor (VDR) gene polymorphisms have been suggested to be a vital contributor 
to the development of T2DM. However, the association between VDR gene polymorphisms and T2DM remains controver-
sial. We have investigated the association between two VDR gene polymorphisms (rs731236 and rs1544410) and T2DM in 
an Iranian population.
Methods A total of 148 T2DM patients and 100 normal controls were recruited in this study. We used polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP) analysis to perform genotyping.
Results The results of the present research revealed that the frequency of the rs731236 C allele was significantly higher in 
T2DM patients than in normal controls (p = 0.044). The CC genotype of rs731236 was connected with an increased risk of 
T2DM (OR = 2.85, 95% CI = 1.06–7.69, p = 0.039). However, no significant difference in the frequency of the rs1544410 C 
allele between T2DM patients and normal controls was observed (p = 0.918).
Conclusion Our findings were suggestive of the rs731236 polymorphism of the VDR as a risk factor for developing T2DM 
in the Iranian population, while rs1544410 polymorphism may not be associated with T2DM susceptibility. Further research 
is needed to approve these findings in other populations and to clarify the underlying mechanisms involved in such an 
association.
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absorption, but it has also been found to be essential in other 
metabolic pathways, such as those implicated in immune 
response and cancer [4].

Vitamin D has a vital role in the regulation of insulin 
secretion maintained by β-cells which tightly control cal-
cium concentration and flux [5]. Low vitamin D status has 
been recognized as a risk factor for obesity, diabetes, and 
cardiovascular disease. Recent studies have revealed that 
high vitamin D levels offer protection against type 2 dia-
betes [6]. Vitamin D deficiency can lead to reduced insu-
lin secretion in humans, while supplementation improves 
glucose tolerance. Vitamin D exerts its biological effects by 
interacting with its receptor, which belongs to the steroid 
receptor superfamily and possesses a DNA binding domain. 
Any alteration in the structure of the vitamin D receptor or 
changes in the vitamin D production gene can enhance the 
risk of developing type 2 diabetes [7].

The VDR gene, consisting of 11 exons, is located on 
chromosome 12q13.1 [8]. Single nucleotide polymorphisms 
(SNPs) in the VDR gene, such as Apal (C/A, rs795232, 
intron 8), Bms1 (G/A, rs1544410, intron 8), Fok1 (C/T, 
rs10735810, Exon 2), and Taq1 (T/C, rs731236, exon 9), 
may restrict the formation of the vitamin D-VDR complex 
and reduce vitamin D absorption even in the presence of 
normal serum levels [9]. These variations cause mRNA 
instability and elicit different isoforms or conformational 
changes in the protein’s structure (10).

Although some studies have examined the association 
between vitamin D levels and VDR polymorphisms, the 
results are indecisive [10]. Therefore, the present research 
aimed to evaluate the association between diabetes risk and 
VDR gene polymorphisms (Taq1 and Bsm1) in a group of 
Iranian patients with type 2 diabetes [11].

Materials and methods

Patient’s characteristics

The study included 148 individuals with T2DM and a 
control group of 100 healthy individuals aged between 

20 and 70 years old with a body mass index (BMI) rang-
ing from 25 to 35. Participants with fasting blood sugar 
(FBS) levels ≥ 126 mg/dL and hemoglobin A1C (HbA1C) 
levels ≥ 6.5% were defined as the patient group while the 
control group was defined as those with fasting blood sugar 
levels < 100 mg/dL and anti-diabetic agent consumption 
and past history of diabetes were excluded. Patients with 
malignancies, endocrine disorders, chronic renal failure, 
severe liver disease, systemic inflammatory disease or cor-
ticosteroid treatment were excluded from the study. Demo-
graphic information including age, height, weight, diabetes 
duration and treatment duration with hypoglycemic drugs 
were collected from all subjects at baseline. Patients were 
also interviewed regarding their family history of diabetes, 
smoking habits, alcohol consumption patterns, exercise rou-
tines, hypertension, cardiovascular disease, nephropathy, 
retinopathy and neuropathy.

Genotyping

Ten milliliters of blood samples were collected from all 
patients and stored in tubes containing 0.5 M EDTA. DNA 
was extracted from peripheral blood leukocytes using a 
standard salting-out method [12]. 

Genotyping was performed using the polymerase chain 
reaction-restriction (PCR-RFLP) with the Bsm1 (G/A, 
rs1544410) and Taq1 (T/C, rs731236) variants in the VDR 
gene. The primer sequences used for amplifying DNA were 
listed in Table 1. PCR amplification was carried out in a 
final reaction volume of 25 µl, which contained 12 µl dH2O, 
10 µl Red Master Mix, 1 µl each of forward and reverse 
primers (10 pmol/uL), and 1 µl DNA template. The PCR 
conditions were as follows: initial denaturation at 95ºC for 
5 min, followed by 35 cycles with denaturation at 95ºC for 
50s, annealing at 59.3ºC for 50s, and extension at 72ºC for 
50s. The final extension was at 72ºC for 10 min. The PCR 
products were separated on a SYBR green-stained agarose 
gel to confirm their quality. Additionally, ten microliters of 
PCR product were digested with BsmI restriction enzyme 
for rs1544410 and Taq1 restriction enzyme for rs731236.

After restriction digestion, the homozygous AA genotype 
in rs1544410 was identified by an uncut fragment of 825 bp, 
while the homozygous mutant GG genotype was repre-
sented by two bands at 650 and 175 bps. The heterozygous 
AG genotype was observed at 825, 650, and 175 bps. In 
rs731236, the homozygous mutant TT genotype was identi-
fied by two bands at 495 and 245 bps, while the homozy-
gous mutant CC genotype was represented by three bands at 
290,245, and 205 bps. The heterozygous TC genotype was 
observed at 495, 290, 245 and 205bps (Table 2).

Table 1 Primers used in the PCR assay
Frag-
ment 
length

Reverse primer Forward primer Variant

745 bp 5´AACCAGC-
GGGAAGA 
GTCAAGGG-3´

5´CAAC-
CAAGACTACAAG 
TACCGCGTCAGTGA-3´

rs1544410

825 bp 5´- 
GCAACTCCT-
CATGGCT 
GAGGTCTC-3´

5´- CAGAGCATGGACAG 
GGAGCAA-3´

rs731236

PCR, polymerase chain reaction; bp, base pair
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Statistical analysis

We tested our hypothesis using the Chi square test to com-
pare diabetic and non-diabetic subjects regarding different 
genotypes of the polymorphism. Univariate and multivari-
ate logistic regression models were applied to assess the 
association between genotypes and diabetes mellitus. All 
statistical analyses were performed using STATA software 
version 14. A P value less than 0.05 revealed strong evi-
dence of statistical significance.

Results

During the study period, a total of 248 patients were geno-
typed, comprising 148 diabetic patients (59.68%) and 100 
(40.32%) healthy controls. Of these, 165 (66.53%) were 
female and 140 (56.68%) had ethnicities other than Fars. 
The mean age of participants was 49.53 (SD = 14.72) years, 
ages ranging between 19 and 76 years. We observed no 
significant difference in gender distribution between dia-
betic and non-diabetic subjects (p = 0.333). However, Fars 
ethnicity had a significantly higher population among non-
diabetics than diabetics in the present study (p < 0.001). 
Furthermore, patients with diabetes mellitus were signifi-
cantly older (p = 0.0001) and had higher body mass indi-
ces (p = 0.001) compared to those without diabetes mellitus 
(Table 2). The frequencies of GG, AG, and AA genotypes 

of rs1544410 polymorphism among the study subjects were 
22.18%, 60.08%, and 17.74%, respectively, while genotyp-
ing in rs731236 showed that 32.66%, 36.69%, and 30.65% 
had TT, TC, and CC genotypes, respectively.

Rs1544410 variant of the VDR

Table 3 reveals the absence of statistically significant differ-
ence between diabetic patients and non-diabetic ones regard-
ing AG and AA genotypes (p = 0.956). Crude and adjusted 
odds ratios for the heterozygote genotype were found to be 
non-significant at 1.1 (p = 0.77) and 0.93 (p = 0.88), respec-
tively; corresponding figures for the homozygote genotype 
were also non-significant at p = 0.93 and p = 0.67 respec-
tively. However, further studies with larger sample sizes are 
needed to confirm these results.

The frequency of the A allele was found to be similar in 
both diabetic and non-diabetic subjects (p = 0.918), with no 
statistically significant odds ratio for its presence (p = 0.918) 
(Table 4).

While the TC and CC genotypes of rs731236 poly-
morphism were more common in diabetic patients than 
non-diabetics, it didn’t show a statistically significant dif-
ference (p = 0.185). The crude odds ratios for TC and CC 
were also not statistically significant (p = 0.201 for TC and 
p = 0.078 for CC). However, after controlling for potential 
confounding demographic factors, the adjusted odds ratios 
for TC and CC were found to be 2.05 (p = 0.116) and 2.85 
(p = 0.039), respectively (Table 5). Furthermore, analysis of 
the alleles revealed a higher frequency of the C allele in dia-
betic patients compared to non-diabetics (p = 0.044), result-
ing in a statistically significant odds ratio for its presence 
(p = 0.044) (Table 7).

Table 2 Demographic and anthropometric factors among study sub-
jects
Background Factors Non-diabetics Diabetics P value
Gender Male No 

(%)
37 (37) 46 (31.08) 0.333

Female No 
(%)

63 (63) 102 (68.92)

Ethnicity Fars No 
(%)

61 (61) 46 (31.29) < 0.001

Other No 
(%)

39 (39) 101 (68.71)

Age
mean (SD)

37.35 (14.53) 55.44 (10.62) 0.0001

BMI
mean (SD)

26.25 (1.28) 27.75 (3.33) 0.001

BMI, body mass index; SD, standard deviation

Table 3 Crude and adjusted associations between diabetes and genotypes of rs1544410 polymorphism
Genotype Non-diabetics

(n = 100)
Diabetics
(n = 148)

P value Crude OR
(95% CI)

Adjusted*** OR
(95% CI)

GG No (%) 23 (23) 32 (21.62) 0.956 1 1
AG No (%) 59 (59) 90 (60.81) 1.10 (0.58–2.05) 0.93 (0.38–2.28)
AA No (%) 18 (18) 26 (17.57) 1.04 (0.46–2.32) 1.29 (0.40–4.18)
AG + AA No (%) 77 (77) 116 (78.38) 0.798 1.08 (0.59–1.99) 1 (0.42–2.38)
OR, Odds Ratio; CI, Confidence Interval
*** Adjusted for age, gender, ethnicity

Table 4 Association between alleles of rs1544410 polymorphism and 
diabetes mellitus
Alleles Non-

Diabetics 
(%)

Diabetics 
(%)

P-value OR 95% 
CI

G 52.5 52.03 0.918 1.02 0.70–
1.48A 47.5 47.97

OR, Odds ratio; CI, Confidence Interval
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also non-significant. Therefore, this polymorphism cannot 
be considered a risk factor for developing diabetes mellitus.

These findings suggest that rs731236 polymorphism 
seems to be linked with an increased risk of developing dia-
betes. Our study adds to a growing body of literature on this 
subject. Several other studies have also explored the asso-
ciation between rs731236 polymorphism and diabetes risk, 
with mixed results.

Several studies have been conducted to explore the asso-
ciation between rs731236 and rs1544410 T2D suggesting 
inconsistent results, with some studies showing an associa-
tion and others showing no association.

One study conducted by Nosratabadi et al. (2011) inves-
tigated the association between rs731236 polymorphism 
and T2DM in a group of southeastern Iranian patients. The 
findings showed that individuals with the CC genotype had 
a significantly higher chance of developing type 2 diabe-
tes compared to those with the TT or TC genotypes, even 
after adjusting for confounding factors such as age, family 
history of diabetes, and BMI [16]. A study conducted in a 
Chinese population by Zhang et al. (2012) investigated the 
association between the rs731236 polymorphism of VDR 
and the risk of developing T2DM. The study revealed a sig-
nificantly higher risk of developing T2DM among individu-
als with the CC genotype compared to those with the TT or 
TC genotypes [17]. Another study conducted by Al-Daghri 
et al. (2012) examined the association between the Taq1 and 
Bsm-I SNPs and T2DM in a Saudi Arabian population. The 
study found that individuals with the CC genotype had a 
significantly greater risk of developing T2DM compared 
to those with the TT or TC genotypes, even after adjusting 
for confounding factors such as age, gender, and BMI [18]. 
In another study conducted by Al- Darraji et al. (2017), the 
association between rs731236 polymorphism and T2DM 
was evaluated in the obese diabetic Iraqi population. The 
study found that individuals with the TT genotype had a 
significantly higher risk of developing T2DM compared to 
controls [19]. Similarly, a study by Al-Hazmi (2019) found 
that individuals with the T2DM were more likely to have 
the TT genotype for Taq1 polymorphism. These results 
didn’t confirmed any significant differences between T2DM 
and control groups in both Bsm1 and Taq1 [20].

Discussion

The vitamin D receptor (VDR) gene is a main regulator of 
vitamin D metabolism and signaling. Vitamin D is a hor-
mone with a vital role in maintaining blood sugar levels. 
Low levels of vitamin D have been associated with an 
increased risk of T2D [13].

The VDR gene has several polymorphisms, which are 
variations in the DNA sequence. Two of these polymor-
phisms, rs731236 and rs1544410, have been investigated 
for their association with T2D [14]. The rs731236 polymor-
phism is commonly known as TaqI and is located in exon 9 
(allele T is often referred to as allele T, and allele C is allele 
t). The rs1544410 polymorphism is a restriction fragment 
length polymorphism (RFLP), which means that a different 
length of DNA is present depending on the genotype. This 
variant is universally known as BsmI and is located in intron 
8 (allele C is commonly referred to as allele b and allele T is 
referred as allele B) [15].

In our study, we observed that diabetic patients had 
higher frequencies of the C allele and its genotypes for 
rs731236 polymorphism. Although heterozygote genotype 
for rs731236 polymorphism had no significant association 
with developing diabetes mellitus, presence of homozygote 
genotype caused approximately a three-fold surge in the risk 
of developing diabetes mellitus. The same was true for car-
riers of the C allele, who had about a 45% higher risk of 
developing diabetes mellitus, indicating that this allele can 
be considered a risk factor for diabetes mellitus.

The presence of genotypes and alleles of the rs1544410 
polymorphism of the VDR gene was found to be similar 
in diabetic patients compared to the general population. 
Although, the associations were not statistically significant 
but the statistical models demonstrated that the heterozy-
gote genotype of this polymorphism reduced the chance of 
developing diabetes mellitus by 7%, while the homozygote 
genotype increased the risk by 29%. Therefore, this non-
significant association demonstrates the importance of the 
necessity of more investigations with larger sample size.

Additionally, although the presence of the A allele 
increased the chance of diabetes by 2%, this association was 

Table 5 Crude and adjusted associations between diabetes and genotypes of rs731236 polymorphism
Genotype Non-diabetics

(n = 100)
Diabetics
(n = 148)

P value Crude OR
(95% CI)

Adjusted*** OR
(95% CI)

TT no 39 (39) 42 (28.38) 0.185 1 1
TC no 35 (35) 56 (37.84) 1.48 (0.81–2.72) 2.05 (0.84–5.01)
CC no 26 (26) 50 (33.78) 1.78 (0.94–3.40) 2.85 (1.06–7.69)
TC + CC no 61 (61) 106 (71.62) 0.08 1

1.61 (0.94–2.76)
1
2.35 (1.05–5.27)

OR, Odds Ratio; CI, Confidence Interval
*** Adjusted for age, gender, ethnicity
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significant in the Asian population. The BsmI, ApaI, and 
TaqI polymorphisms were not associated with T2D in any 
population [25].

The conflicting results raised by these studies may have 
their roots in differences in sample size, ethnicity, or other 
factors such as lifestyle or environmental factors that can 
enhance diabetes risk.

This preliminary study could be shed only some light on 
the genetic components of T2D in a group of Iranian patients, 
which needs more investigations with larger sample size. 
Further research is warranted to confirm our findings and 
seek the potential mechanisms underlying this association.

Conclusion

In summary, the current research found that similar fre-
quency of A allele of rs1544410 was seen in both diabetic 
and non-diabetic subjects. However, diabetic patients had 
higher frequencies of C allele as well as its genotypes of 
rs731236 polymorphism, and after adjusting for demo-
graphic factors, the odds ratios for these genotypes were sta-
tistically significant. These findings suggest an association 
between rs731236 polymorphism with an increased risk of 
developing diabetes. But rs1544410 polymorphism of VDR 
gene was not associated with diabetes mellitus.
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Aravindhan et al. (2020) in his meta-analysis of 47 stud-
ies to explore the association between VDR gene poly-
morphisms and susceptibility to type 2 diabetes (T2D) 
demonstrated that the FokI polymorphism was associated 
with an augmented possibility of T2D in the overall popu-
lation, as well as in ethnic-specific analyses of Asian and 
European populations. The BsmI polymorphism was linked 
to an increased risk of T2D in the overall population, but 
only in the heterozygous model. This meta-analysis also 
revealed an association between rs731236 polymorphism 
and T2DM. The analysis included 23 studies composing of 
4579 cases and 4815 controls. The study of overall popu-
lation results reflected no significant association between 
rs731236 and rosk of developing T2DM risk. However, 
the meta-regression analysis showed that the association 
between rs731236 and T2DM risk was stronger in studies 
with higher quality and in studies conducted in Asian popu-
lations. These findings suggest a risk factor role of 731,236 
for T2DM, particularly in Asian populations [21]. In another 
study conducted by Al-Kashwan et al. (2021), the associa-
tion between BsmI rs1544410 SNP, TaqI rs731236 SNP and 
T2DM was evaluated in the Iraqi population. The study 
found that BsmI rs1544410 SNP has correlated with the risk 
of incident type 2 DM, while VDR TaqI polymorphism is 
no associated with the risk of type 2 diabetes mellitus in the 
Iraqi population [22].

However, in the majority of literature no significant 
association have been reported between rs731236 and 
rs1544410 polymorphism and diabetes risk. For example, 
Maleki et al. (2003) examined the association between VDR 
gene polymorphisms and type 2 diabetes (T2D) in a Polish 
population. The study included 548 individuals, 308 with 
T2D and 240 controls. The researchers genotyped the par-
ticipants for four VDR polymorphisms: FokI, ApaI, BsmI, 
and TaqI. The results indicated no significant alteration in 
the allele frequency or genotype distribution between the 
T2DM patients and controls for any of the four VDR poly-
morphisms. They suggest that VDR gene polymorphisms 
are not associated with T2D in the Polish population [23] 
Dilmek et al.(2010) did not find a link between the VDR 
TaqI genotype and T2DM in the Turkish population [24]. 
However, one limitation of the study was its relatively small 
sample size. On the same basis, larger studies are needed to 
confirm these findings.

A meta-analysis of 14 studies was conducted by Li et al. 
(2013) to investigate the association between VDR genetic 
variants and susceptibility to type 2 diabetes (T2D). The 
researchers included a total of 5,424 T2D patients and 5,396 
controls. The VDR gene polymorphisms studied were FokI, 
BsmI, ApaI, and TaqI. The results showed that the FokI 
polymorphism was associated with an increased risk of T2D 
in the overall population. However, the association was only 
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